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1 

Composition comprising co-crystals, method for its 
manufacture, and its use 

The present invention relates to compositions 
5 comprising co-crystals of at least two compounds, 

prepared by grinding. The compounds forming these co- 
crystals comprised in the composition of the invention 
are selected from a group consisting of monosaccharides, 
disaccharides and oligosaccharides and physiologically 

10 acceptable polyols. The invention also relates to a 

method for producing such a composition, in which at 
least two crystalline compounds selected from mono- 
saccharides, disaccharides and oligosaccharides and 
physiologically acceptable polyols are ground as a mix- 

15 ture in a solid state at a temperature substantially 
lower than the melting points of the components. 

Co-crystals are crystals formed by two or more 
compounds. A co-crystal has a unique crystal structure, 
which is different from the crystal structure of its 

20 components. 

A physiologically acceptable polyol in this 
context means a hydrogenated product corresponding to a 
monosaccharide, disaccharide or oligosaccharide, i.e. a 
sugar alcohol. 

25 Formation and characterization of co-crystals and 

their application to scientific research has been 
described in the doctoral dissertation of Gayle Marie 
Frankenbach, The Preparation and Characterization of 
Hydrogen-Bonded Cocrystals with Applications to Mater - 

30 ials Science, 1989, University of Minnesota. The disser- 
tation discloses as co-crystal producing methods co- 
crystallization from a solution, sublimation, and co- 
crystallization in a solid state, the last-mentioned 
being performed by grinding. The compounds from which 

35 co-crystals have been prepared in the study concerned 
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are substituted benzoic acid derivatives wherefrom co- 
crystals have been obtained both by crystallization from 
a solution and by grinding. In connection with the pres- 
ent invention, it has been unexpectedly found that co- 
5 crystals can be produced from sugars and sugar alcohols 

by grinding also in cases where crystallization from a 
solution will not produce co-crystals, but the compounds 
are separable in a pure form by crystallization from the 
solution. 

10 Several particulate, i.e. powdery or granular, 

products having sugars and sugar alcohols as raw mater- 
ials have been developed for the needs of the sweets and 
tableting industries. Granular products in which the 
sugar or sugar alcohol is agglomerated with the aid of a 

15 binder and which are suitable for preparing tablets by 

the direct compression method are described for example 
in Finnish Patent 81 004 (xylitol with polyol as a 
binder), Finnish Patent Application 892797 (fructose 
with polyol as a binder) and Finnish Patent Application 

20 932696 (xylitol with polymerized reducing sugar, alkali 

metal carboxymethyl cellulose or hydrogenated starch 
hydrolysate as a binder). In all these cases, the main 
component of the product is granulated by adding thereto 
an aqueous solution of a binder, and after granulation 

25 the product is dried and possibly sifted. 

U.S. Patent 5 158 789 relates to a sorbitol/xyl- 
itol co-crystal produced by melt crystallization. In 
accordance with this patent, the co-crystal is produced 
by melting the starting materials into a homogeneous 

30 melt, cooling the melt with simultaneous stirring until 

a viscous mass has been obtained, and slowly cooling 
this mass until the sorbitol/xylitol mixture is crystal- 
lized throughout. The resultant co-crystal product is 
reported to be easier to tablet and to compound into 

35 chewing-gum, and also easier to handle in the sweets 



WO 96/07331 



PCT/FI95/00490 



industry and/or in pharmaceutical compositions, to make 
use of the advantageous effects of xylitol. The method 
for preparing co-crystals as disclosed in this patent 
publication is, however, expensive and slow and requires 
5 high temperatures in the melting step. Furthermore, the 

crystallized solid mass must be crushed and possibly 
ground as a last step to make it usable. The product 
thus prepared by melting crystallization is an agglomer- 
ate in its physical properties. It is composed of 

10 numerous microcrystals adhering together. 

U.S. Patent 5 075 291 discloses a similar method 
for preparing a pharmaceutical composition, the com- 
position comprising a crystalline sugar alcohol derived 
from at least one monosaccharide or polysaccharide and 

15 having particles of at least one pharmaceutically active 

compound homogeneously dispersed in its crystal matrix. 

The forming of a sorbitol /mannitol co-crystal by 
melt crystallization is disclosed in U.S. Patent 
5 023 092. The product in accordance with this patent 

20 comprises 5-35% by weight of mannitol. In this case, the 
starting materials are melted, stirred, the slightly 
cooled mass is extruded and allowed to cool for several 
days at room temperature and ground. 

Finnish Patent Application 915876 relates to a 

25 directly compressible powdery composition based on xyl- 

itol. Xylitol is stated to be present in an amount of at 
least 60% by weight of the composition, and possible 
other components of the composition include a sacchar- 
ide, oligosaccharide or polysaccharide or a correspond - 

30 ing hydrogenated compound thereof. The process disclosed 

comprises thermomechanical treatment in which the start- 
ing material mixture partly melts and is extruded. In 
accordance with the examples, the residence time in the 
heat zone is 5-300 seconds, and the extruded partly 

35 molten mass is cooled, crushed and sifted; the particle 
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size of the resultant product is in excess of 50 urn, 
typically in excess of 100 urn. 

It is an object of the present invention to pro- 
vide a composition comprising co-crystals formed by at 
5 least two compounds selected from monosaccharides, di- 

saccharides and oligosaccharides and physiologically 
acceptable polyols, which co-crystals can be prepared 
directly from solid starting materials without using 
solvents or high temperatures at which the risk of de- 
10 gradation of the materials being treated would exist. 

Simultaneously, time-consuming and energy-consuming 
heating and cooling steps are avoided. It is a further 
object of the present invention to provide a product 
comprising such co-crystals that is sufficiently fine 
15 without being subjected to any separate grinding step. 

These objects are achieved with a substantially 
dry composition in accordance with the invention, which 
comprises co-crystals formed by at least two compounds 
selected from monosaccharides, disaccharides and oligo- 
20 saccharides and physiologically acceptable polyols, said 

co-crystals being produced by grinding a mixture of 
crystalline starting materials in a solid state. 

The expression "substantially dry" in this con- 
text means that the amount of free water is less than 
25 about 5% by weight, preferably less than 1% by weight. 

The invention also relates to a method for form- 
ing co-crystals from at least two compounds selected 
from monosaccharides, disaccharides and oligosaccharides 
and physiologically acceptable polyols, the method being 
30 characterized in that a mixture of crystalline starting 

materials is ground in a solid state at a temperature 
substantially lower than the melting points of the com- 
ponents until a fine product consisting of co-crystals 
is produced. 

35 The grinding temperature in the method of the 
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invention is not critical, as long as it is substan- 
tially lower than the melting point of any of the com- 
ponents in the mixture. For example, a grinding temper- 
ature suitable for a mixture of xylitol and sorbitol is 
5 in the range 15-50 °C. As a rule, the grinding is prefer- 

ably carried out at room temperature. 

The invention is based on the finding that co- 
crystals can be obtained from compounds of the above 
type by grinding a mixture of starting materials in a 
10 solid state, provided that the melting points of the 

starting materials are sufficiently close to one an- 
other. The difference between melting points should 
normally be less than about 30 °C, preferably less than 
20 °C. 

15 Monosaccharides, disaccharides and oligosacchar- 

ides that are possible in the preparation of the product 
of the invention include glucose, fructose, galactose, 
xylose, sucrose, mannose, lactose, maltose, isomaltose 
and raffinose. The physiologically acceptable polyol(s) 

20 can be selected for instance from the following; sor- 

bitol, xylitol, maltitol, lactitol, mannitol, galactitol 
and isomalt. 

In a particularly preferred embodiment of the 
invention, the co-crystals are formed of sorbitol and 

25 xylitol, in which case the product is also suitable for 

diabetics and the special advantages of xylitol are also 
gained for example in regard to caries prevention. 
Formation of a xylitol /sorbitol co-crystal by the method 
of the invention is particularly unexpected for the 

30 reason that the generally employed method for purifying 

xylitol from sorbitol is to crystallize it from an aque- 
ous solution containing these compounds, that is, such 
co-crystals are not formed from an aqueous solution. 
This completely deviates from what is to be anticipated 

35 on the basis of the above dissertation by G. M. Franken- 
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bach. 

In addition to the intended use of the product, 
the proximity of the melting points referred to above 
must be taken into account in the selection of the 
5 starting materials. Hence, grinding did not produce co- 

crystals from a mannitol/sorbitol mixture (difference 
between melting points about 65 °C) or from a mannitol/ 
xylitol mixture (difference between melting points about 
70 °C). 

10 In the method of the invention, the grinding is 

carried out in a pulverizer wherein a large amount of 
energy is bound to the material to be ground and the 
particles are in intimate contact with one another for 
relatively long periods of time; the comminuting being 

15 based mainly on abrasion (rather than compression, 

impact or prall ) . Suitable grinding devices include rod 
mills, ball mills and tube mills. 

The formation mechanism of co-crystals is con- 
sidered to be - yet without being bound to this theory - 

20 such that as a result of the energy carried into the 

mixture in grinding, changes occur in the lattice struc- 
ture of the crystalline starting materials, and when the 
difference in the melting points of the starting mater- 
ials is small, the change in the lattice structure oc- 

25 curs nearly simultaneously in all of the crystalline 

starting materials. On account of rearrangement, co- 
crystals of the different components are produced. The 
fact that genuine co-crystals are involved, and not for 
instance a product formed by adherence of microcrystals 

30 of the different materials, has been ascertained with X- 
ray diffraction analyses (powder method) and differen- 
tial scanning calorimetry (DSC), as will be explained in 
greater detail in the working example below. 

In accordance with one embodiment, the composi- 

35 tion of the invention comprises 5-100% of co-crystals. 
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The product obtained by grinding may also include pure 
starting materials. If, for example, a mixture of sor- 
bitol and xylitol having 20 molar per cent of sorbitol 
and a balance of xylitol is ground, a product can be 
5 obtained in which all sorbitol is co-crystallized with 

an amount of xylitol corresponding to the co-crystal 
form, and thus the product comprises both co-crystals 
and free xylitol. 

Co-crystallization of xylitol and sorbitol will 
10 take place at least at a molar ratio about 1:1, which in 

the above case will yield a product comprising 40% of 
co-crystals, the remainder being xylitol. 

In accordance with the invention, a powdery co- 
crystallized product is directly obtained from the crys- 
15 talline starting materials by grinding. In accordance 

with one embodiment of the invention, the particle size 
of the product is below 50 um. The product can be used 
as such for instance for tableting and as a raw material 
for the sweets industry, or it may be agglomerated into 
20 granules by methods known in the art, possibly employing 

binders as an aid in the agglomeration. 

The scope of the present invention encompasses a 
product obtained by co-crystallization grinding and also 
granules obtained therefrom by agglomeration, as well as 
25 the use thereof in the preparation of pharmaceutical 

products, sweets and chewing-gum, and in the food 
industry, for instance in bakery products. 

The composition of the invention may also com- 
prise additives incorporated into the starting material 
30 mixture to be ground or into the product obtained from 
the grinding step or in connection with the agglomer- 
ation. Such additives may be e.g. aromas and dyes, poly- 
dextrose, inulin, carboxymethyl cellulose etc. 

The invention will be illustrated in greater 
35 detail in the following example. 
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Example 

Sugar alcohol mixtures xylitol/D-sorbitol, xyl- 
itol/D-mannitol and D-mannitol/D-sorbitol were prepared 
by weighing these reagents into each mixture in given 
5 molar ratios. The reagents employed were: D-sorbitol, 

Fluka art. 85532, D-(- )-mannitol, Merck art. 5982, and 
xylitol by Cultor Ltd, the purity of which was ascer- 
tained. The phases of the reagents and their thermal 
properties were measured prior to and after grinding by 

10 DSC and X-ray diffraction methods. The D-( - )-mannitol by 

Merck was in the monoclinic 6-form, and the D-sorbitol 
by Fluka was a mixture of A and r-polymorphs. 

The mixtures of crystalline reagents were ground 
in a ball mill pulverizer FRITSCH Pulverizette type 

15 07.302 with a speed setting 8-9 (scale 1-10) for 20 

minutes . 

Therraogravimetric (TG), differential scanning 
calorimetric (DSC), and X-ray diffraction analyses were 
performed on each sample. The TG and DSC equipment was 
20 the following (PE = Perkin-Elmer, HP - Hewlett-Packard): 

TG: PE TGA7, TAC7/DX, IBM PS/2 Model 55SX, 

HP Plotter 7475A, PE TADS.TGS (software) 
DSC: PE DSC-7, TAC7/PC, EPSON PC AX 2, 

HP Plotter 7475A, PE DSC7 (software). 
25 The TG analyses were performed in platinum 

crucibles in an air flow, flow rate 40-60 cm 3 /min. The 
samples weighed 3 to 9 mg, the heating rate was 2 °C/ 
min, and the temperature range was 25-200 °C. 

The DSC analyses were performed in 50 pi 
30 perforated aluminium crucibles in nitrogen flow, flow 
rate 50-60 cm 3 /min. The samples weighed 3 to 9 g, the 
heating rate was 2 °C/min, and the temperature range was 
varied from the range 25-120 °C to the range 25-180 °C in 
accordance with the sample. 
35 The X-ray diffraction patterns were measured with 
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the ENRAF NONIUS PDS120 dif f ractometer furnished with an 
INEL CPS120 detector. The radiation applied was mono- 
chromatic CuKOj radiation (wavelength 1.54056A). 

In accordance with the TG analyses, the samples 
5 did not contain any appreciable amounts of moisture. The 
"onset" and peak values for melting and the heats of 
fusion were measured from pure starting materials and 
ground pure starting materials by DSC. The mean values 
and their standard deviations from two analyses are 
10 shown in Table 1 (standard deviation values in paren- 

theses). The polymorphic forms of the starting materials 
were determined by DSC and X-ray diffraction. 

The melting points of the starting materials 
employed ("onset", DSC) were as follows: xylitol 93.0 °C, 
15 D-sorbitol 97.0 °C and D-mannitol 164.4 °C. 

. The phase diagrams for the xylitol /D-mannitol, D- 
mannitol /D-sorbitol and xylitol/D-sorbitol systems were 
drawn up by using the melting peak values obtained from 
the DSC graphs, and they are shown in Figures 1, 2 and 3 
20 in which 

Figure 1 is a phase diagram for the system xyl- 
itol /D-mannitol , 

Figure 2 is a phase diagram for the system D- 
mannitol/D-sorbitol, and 
25 Figure 3 is a phase diagram for the system 

xylitol/D-sorbitol . 

The horizontal line shown in Figure 3 is the mean 
value of the melting points of the xylitol/D-sorbitol 
co-crystals in the zone 0.25/0.75-0.75/0.25 of the molar 
30 ratios (xylitol/D-sorbitol) of the co-crystal. 

A. Systems xylitol/D-mannitol and D-sorbitol/D- 
mannitol (comparison) 

In accordance with the phase diagrams, xylitol/D- 
mannitol and D-sorbitol/D-mannitol showed no signs of 
35 co-crystal formation in the solid state. The melting 
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point for the sugar alcohol having the lower melting 
point (xylitol and D-sorbitol, respectively) changed 
only very little when a sugar alcohol having a higher 
melting point (D-mannitol) was present. The melting 
5 point of D-mannitol decreased when the molar ratio of 

xylitol or D-sorbitol, respectively, increased, in which 
situation xylitol and D-sorbitol were present as im- 
purities in D-mannitol. The total heats of fusion of the 
melting process as measured for these samples were equi- 

10 valent to the values calculated from the heats of fusion 

of pure samples when the molar ratios of the samples 
were taken into account. The DSC graphs determined for 
samples in which the starting materials had been separ- 
ately ground and thereafter mixed were equivalent to the 

15 DSC graphs for samples in which the starting materials 

had been ground together. 

B. System xylitol/D-sorbitol (in accordance with 
invention) 

The phase diagram for the xylitol/D-sorbitol sys- 

20 tern differed from the phase diagrams of the two previous 

systems. It complied with the shape of the phase dia- 
grams of two such components as do not form solid solu- 
tions with one another. However, the DSC patterns showed 
no characteristic configuration of eutectic melting, 

25 which would have been perceived as a sharp melting peak 

in the DSC graph. The DSC graphs that were measured from 
samples in which the starting materials had been separ- 
ately ground and thereafter mixed differed from the DSC 
curves of samples in which the starting materials had 

30 been ground together. 

Figure 4 shows the normalized DSC curves of xyl- 
itol/sorbitol mixtures for a case where the starting 
materials have been ground separately and for a case 
where they have been ground together. 

35 m the phase diagram for the xylitol/D-sorbitol 
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system ( Figure 3 ) , the intersection of the two lines 
gives 76.2 °C as the melting point for the co-crystal of 
these compounds and 0.495/0.505 as the molar ratio (xyl- 
itol/D-sorbitol) thereof. The mean value and standard 
5 deviation for the melting peak values calculated for 
molar ratios 0.25/0.75 and 0.75/0.25 was 76.1 (0.3) °C. 
A small slope can be seen in the molar ratio range 
0.8/0.2-0.95/0.05 (xylitol/D-sorbitol ) in Figure 3. In 
this molar ratio range, also the melting point of the 

10 co-crystal changes. It is possible that there is also 

another co-crystal that is formed in this range. 

The analysis results clearly show that the 
samples obtained by grinding together xylitol and D- 
sorbitol in a ball mill pulverizer for 20 minutes 

15 contained a co-crystal product. The X-ray diffraction 

analyses confirmed that these samples contained a new 
product along with the pure starting materials. The 
presence of this product can be seen as an additional 
peak in Figure 5 which shows X-ray diffraction patterns 

20 for xylitol, D-sorbitol and a product prepared from 

these compounds that contains a co-crystal. 

The effect of the grinding time on a sample con- 
taining xylitol and D-sorbitol in a molar ratio 1:1 was 
also studied. It was found that the melting peak for the 

25 co-crystal in the DSC graphs became sharper when the 

grinding time was increased, which indicated an increase 
in co-crystallized material. The whole heat of fusion 
was decreased with incresing grinding time: with 20 
minutes grinding time, the whole heat of fusion was 29.8 

30 kJ/mol and with 60 minutes grinding time 27.7 kJ/mol. 
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Claims : 

1. A substantially dry composition comprising co- 
crystals, characterized in that the co- 
crystals have been prepared by grinding a mixture com- 
5 prising at least two crystalline compounds selected from 

monosaccharides, dlsaccharides and oligosaccharides and 
physiologically acceptable polyols in a solid state, the 
difference between the melting points of said compounds 
being less than about 30 °C. 
10 2. A composition as claimed in claim 1, 

characterized in that the difference 
between the melting points is less than 20 "C. 

3. A composition as claimed in claim 1 or claim 
2, characterized in that the co-crystals 
15 comprise two polyols. 

.4. A composition as claimed in claim 3, 
characterized in that the polyols are 
xylitol and sorbitol. 

5. A composition as claimed in claim 4, 
20 characterized in that the molar ratio of 

xylitol and sorbitol in the composition is from 9:1 to 
1:9. 

6. A composition as claimed in claim 5, 
characterized in that the molar ratio of 

25 xylitol and sorbitol in the co-crystals is about 1:1. 

7. A composition as claimed in claim 6, 
characterized in that the co-crystals have 
a melting point in the range 70-80 °C as determined by 
DSC (differential scanning calorimetry ) . 

30 8. A composition as claimed in claim 6, 

characterized in that the co-crystals have 
an X-ray diffraction pattern essentially as shown in 
Figure 5 by the uppermost curve. 

9. A composition as claimed in any one of the 

35 preceding claims, characterized in that 
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the amount of co-crystals contained therein is 5-100% by 
weight of the composition. 

10. A method for producing a substantially dry 
composition comprising co-crystals, character- 
5 i z e d by grinding a mixture comprising at least two 

crystalline compounds selected from monosaccharides, di- 
saccharldes and oligosaccharides and physiologically 
acceptable polyols in a solid state until a fine product 
consisting of co-crystals is produced. 
10 11. A method as claimed in claim 10, char- 

acterized in that the grinding temperature is 
substantially lower than the melting points of the com- 
ponents of the mixture. 

12. A method as claimed in claim 10 or claim 11, 
15 characterized in that said two compounds 

are xylitol and sorbitol. 

13. A method as claimed in claim 12, char- 
acterized in that the grinding is carried out 
at a temperature of 15-50°C. 

20 14. A method as claimed in any one of claims 10- 

13, characterized in that the grinding is 
carried out by a ball mill. 

15. A method as claimed in any one of claims 10- 

14, characterized in that it further com- 
25 prises a step in which the product prepared by grinding 

is agglomerated into granules. 

16. A method as claimed in any one of claims 10- 

15, characterized in that additives not 
involved in the co-crystallization are added to the mix- 

30 ture to be treated prior to grinding, after grinding or 

in connection with agglomeration. 
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